each study visit (Cell-Dyn; Abbott Laboratories, Abbott Park, IL). A CD4 T cell count was measured at baseline and at 24 weeks (Becton, Dickinson, Franklin Lakes, NJ). The plasma HIV-1 RNA level was performed at baseline, 2 weeks, 4 weeks, and 24 weeks (NASBA Easy Q; bioMérieux, Lyons, France).
The d-xylose carbohydrate absorption test was performed at baseline and at 2 and 24 weeks. Participants fasted for 8 hours before coming to the clinic. To perform the test, study personnel provided each participant with 25 grams of d-Xylose (Xylo PFAN, Savage Laboratories, Melville, NY ) dissolved in 250 mL of water. The participant was then asked to drink an additional 250 mL of water. Urine was collected in a large plastic container over the next 5 hours. A 25 mL aliquot was preserved in sodium fluoride (NaF), and the total volume of the sample was recorded.
A stool sample was collected at enrollment for each patient. Routine examinations performed by trained technologists at GHESKIO included: guaiac testing, methylene blue staining on a wet mount for white blood cells, and a microscopic exam for ova and parasites. Coccidial oocysts were identified with modified Kinyoun acid-fast staining. Aliquots of unpreserved stool were frozen for batch testing by polymerase chain reaction for Cryptosporidium sp., enteroaggregative Escherichia coli , Campylobacter jejeuni , Clostridium difficile , and Entero cytozoon bineusi . [21] [22] [23] [24] [25] [26] Quantitative lactoferrin enzyme-linked immunosorbent assay (IBD-Scan; Techlabs, Blacksburg, VA) was also performed on frozen stool samples. Antimicrobial susceptibility testing was performed by disk diffusion.
Blood plasma samples were obtained from patients when they came to the GHESKIO clinic for their morning dose of ART on the day of the 2-week and 4-week study visits. Plasma samples for drug assays were obtained before the morning dose of ZDV/3TC. Time since the last doses of efavirenz, ZDV, and 3TC were documented. Plasma was separated by centrifugation at 4°C and stored at −70°C. Efavirenz, ZDV, and 3TC were quantified using two validated methods in the UNC Center for AIDS Research Clinical Pharmacology and Analytical Chemistry Core. 27, 28 The dynamic range for efavirenz was 25 to 10,000 ng/mL, intra-and interday precision of 4.8-5.5%, and accuracy of 100.4-101.7%. The dynamic range for ZDV and 3TC was 10-10,000 ng/mL, with intra-and interday precision of < 7%, and accuracy of ≥ 90% for all concentrations. Samples below level of quantitation (BLQ) were considered to be 50% of the lowest level detectable of the assay. Samples below level of detection (BLD) were considered to be "0." Statistical analysis. Data were analyzed using SPSS version 17.0 (Chicago, IL). The primary analysis was to compare antiretroviral drug concentrations and plasma HIV-1 RNA levels between patients with diarrhea and controls. For each participant a single plasma drug concentration value derived and based on the geometric mean of Week 2 and Week 4 values for zidovudine, lamivudine, and efavirenz was used for statistical analyses. In one individual without Week 2 data and one individual without Week 4 data, the Week 4 and Week 2 values were used to represent geometric mean, respectively. The geometric mean concentrations for each drug were then used to determine medians, interquartile ranges (IQRs), and correlations among groups. The median values were compared between groups using Wilcoxon rank sum test for paired variables and Mann-Whitney test for unpaired variables.
The HIV-1 RNA levels at baseline and Week 2 were log 10 transformed, and we reported the decrease from baseline at 2 weeks. The median values and IQRs were reported for each group, and medians were compared between groups using the Wilcoxon rank sum test. At Week 24, we reported the percent of participants with plasma HIV-1 RNA level < 50 copies/mm 3 and compared groups using the χ 2 squared test. To correct for multiplicity of primary endpoints, we set the significance level at a P value of 0.01.
Baseline characteristics and clinical outcomes between index and control participants were compared using a χ 2 test for categorical variables and the Mann-Whitney test for continuous variables. Significance was pre-assigned as P < 0.05.
Ethical review. Ethical review boards at GHESKIO, Weill Cornell Medical College, and the University of Virginia approved the study.
RESULTS
Baseline characteristics of study participants at initiation of antiretroviral therapy. Twenty-six HIV-1 infected patients with active diarrhea were enrolled. A matched control was enrolled for each case. Of note, one matched-control patient died 9 days after enrollment because of a cerebral infection. An additional control was subsequently recruited as a replacement. The data from the deceased patient is not included in this analysis.
The baseline clinical and demographic characteristics of the 26 patients with and 26 without chronic diarrhea are presented in Table 1 . The low median CD4 count and high HIV RNA level show advanced HIV disease and immune compromise in all patients. Women with diarrhea had significantly lower body mass index and hemoglobin levels compared with women without diarrhea. The patients with diarrhea had a significantly higher mean quantitative lactoferrin in their stool samples compared with those without diarrhea (37.83 μg/mL versus 14.71 μg/mL; P = 0.001). Lactoferrin is a marker of gastrointestinal inflammation. There was a trend toward lower urine d-xylose excretion in patients with diarrhea compared with those without diarrhea. The d-xylose excretion is a measure of gastrointestinal carbohydrate absorptive capacity.
At enrollment, 47/52 (88%) participants provided a stool sample. Stool analysis revealed that the case and control populations had similar rates of enteric pathogen identification ( Table 1 ) . Enteroaggregative E. coli (EAEC) was the most commonly identified pathogen (29/46; 63%). 5/6 (83%) of EAEC isolates tested were resistant to trimethoprimsulfamethoxazole.
All patients in the study were initiated on 3-drug ART. For the patients with chronic diarrhea, the median duration of diarrhea following initiation of antiretroviral therapy was 19 days (IQR 14-27 days).
Plasma antiretroviral drug levels and HIV-1 RNA levels. Plasma samples for drug concentrations of both ZDV/3TC and efavirenz were obtained 14 (IQR 13-15) hours and 13 (IQR [13] [14] hours after the previous doses at 2 and 4 weeks, respectively. Mean plasma antiretroviral drug concentrations did not differ between patients with diarrhea and controls at Week 2 or Week 4; nor did the geometric mean values for each antiretroviral drug differ, Table 2 . The geometric mean zidovudine concentration was actually higher for patients with diarrhea (121.86 ng/mL versus 32.36 ng/mL, P = 0.18). There was no association between plasma drug concentrations and particular enteric pathogens, quantitative lactoferrin levels, or d-xylose excretion.
There was no important difference in plasma HIV-1 RNA levels between cases with diarrhea and controls at Week 2, Week 4, or Week 24. At Weeks 2 and 4, the patients with diarrhea tended to have a greater reduction in viral load than controls. At 2 weeks, the patients with diarrhea had a median log-transformed reduction in viral load of 5.39; patients without diarrhea had a log-transformed reduction of 5.14 ( P = 0.07). At 4 weeks, a similar pattern in viral load reduction remained (5.40 versus 5.17; P = 0.07). At Week 24, 18/25 (72%) patients with diarrhea and 16/24 (68%) patients without diarrhea had achieved an undetectable viral load ( P = 0.69).
Of note, the patients who achieved an undetectable viral load at Week 24, regardless of the presence or absence of diarrhea at baseline, had higher plasma drug concentrations for all three antiretrovirals at Weeks 2 and 4 and by geometric mean. The difference in EFV levels was significant ( Table 3 and Figure 1 ). . Patients with diarrhea tended to gain more weight than patients without diarrhea. At Week 4, the patients with diarrhea had significantly greater weight gain compared with those without diarrhea (3% versus 1% of total body weight; P = 0.02). By 24 weeks, the group with diarrhea had still gained more weight (13.5% versus 9.0% of total body weight; P = 0.243). By 24 weeks, the urine d-xylose excretion had normalized in both groups with a mean of 30.7% in the patients with diarrhea and a mean of 31.7% in the controls.
DISCUSSION
This study demonstrates that AIDS diarrhea at the initiation of ART does not significantly affect drug concentrations of AZT, 3TC, or EFV in this profoundly immune-suppressed population with adequate renal and hepatic function. After initiation of ART, plasma HIV-1 RNA levels and other measures of treatment response were similar between patients with AIDS diarrhea and matched controls.
Our study prospectively examined plasma antiretroviral drug concentrations, plasma HIV1-RNA levels, and clinical outcomes relative to the presence or absence of chronic diarrhea. The clinical response to ART by patients with diarrhea was at least as robust as matched controls without diarrhea. In fact, patients with diarrhea had a trend toward greater reduction in viral load measured at Week 2 and Week 4 than those without diarrhea. They had an equally good rise in CD4 count, achievement of undetectable HIV viral load at 24 weeks, and gain of weight. A previous study showing a correlation between AIDS diarrhea and low antiretroviral drug concentrations examined patients who presented with diarrhea after initiation of ART. 10 In this case, the occurrence of diarrhea during ART may have been an effect of poor adherence and treatment failure, rather than the cause. Other studies suggesting that AIDS diarrhea is in itself related to poor treatment outcome may not have controlled for HIV disease stage and severe immune suppression. As demonstrated in our study, chronic diarrhea is a clinical marker for advanced HIV disease; the median CD4 count of our patients with AIDS diarrhea was only 59 cells/mm 3 . 6 Virologic outcome in our HIV-1 infected patients in Haiti correlated with plasma efavirenz concentrations early in therapy. Of note, patients in the current study received directly observed therapy and therefore differences in adherence do not explain the variation in efavirenz exposure. Rather, it appears that an individual's efavirenz exposure effects response to ART. The current study shows that low efavirenz exposures are not caused by diarrhea. Our previous analysis suggests that low efavirenz concentrations in patients in Haiti may be related to genetic polymorphisms in the cytochrome P450 (CYP) 2B6 and thus differences in metabolic rate. 29 Enteroaggregative E. coli was common in our HIV-infected patients, which is consistent with previous reports. 26, 30, 31 As documented in our patients, EAEC is frequently resistant to widely available antimicrobials. 32, 33 Its high prevalence and reports that infection may negatively impact nutrition suggest that this pathogen and strategies for its management deserve further investigation. 34, 35 In conclusion, patients with AIDS diarrhea have advanced immune suppression. However, they respond well to ART with no significant differences in drug exposure for ZDV, 3TC, and EFV. On the basis of these findings, we do not recommend delay in ART until cessation of diarrhea or a dosage adjustment of ZDV, 3TC, and EFV for patients with AIDS diarrhea. Rather, we encourage prompt initiation of ART at standard dosing for patients with AIDS diarrhea. 
